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Abstract 
A kind of numerical simulation method for turbulent combustion in underwater vehicle combustor is presented. The 
numerical simulation is described with ț íİ  standard turbulence model, eddy dissipation combustion model and 
discrete droplet model for liquid. Velocity field, temperature field and concentration field are obtained. The effect of 
inlet pressure difference in spray for the combustion is analyzed. It draws conclusion through simulation: as pressure 
difference grows, the spray characteristic enhances, the combustion efficiency increases. The simulation result provides 
a reference for the optimization of the underwater vehicle combustor. 
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1. Introduction  
Underwater engine combustion chamber is the key component of the system. The design method based 
on analysis and empirical formula of field trials is not that good. Not only the design cycle is long, costly, 
and it is difficult to observe the flow field inside the combustion chamber, but also flow characteristics are 
not readily available [1]. 
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Based on the fluent software, the numerical simulation method for underwater vehicle monopropellant 
propellant is presented. The velocity field, temperature field and the concentration field are obtained. The 
numerical simulation analyses the effect of the inlet pressure difference in spray on the combustion 
performance. This method overcomes the inadequacies of the pilot study and provides the necessary basis 
to the combustion chamber design.  
2. Mathematical model 
This paper describes the gas and the droplets in different ways. The gas described in Euler coordinate 
system is regarded as continuum and the droplets described in Lagrange coordinate system is regarded as 
discrete phase particles. The mass, momentum and energy conversion between the two-phase is considered. 
 
Nomenclature 
PA : Particle surface area     1C H : Empirical constants, 1C H =1.4  
2C H : Empirical constants, 2C H =1.92  DC : Drag coefficient 
pc : Specific heat     pd : Particle diameter 
XF : Other forces      H:    Enthalpy 
h:   Convection heat transfer coefficient  fgh : Latent heat 
kG : A term caused by the turbulent kinetic energy   k:  Turbulent kinetic energy  
am : Fuel mass fraction    pm : Droplet mass 
 Re: Relative Reynolds number   SI :  Source term  
PT : Droplet temperature       Tf  Gas temperature  
u :  Fluid velocity    pu : Particle velocity 
I* :  Diffusion coefficient    H : Dissipation rate 
PH : Particle Emissivity    I :  Common variable 
P : Fluid dynamic viscosity   RT : Radiation temperature 
U : Gas density     pU : Particle density 
V : Boltzmann constant    kV : Prandtl number kV = 1. 0 
HV : Prandtl number HV =1. 3      
2.1 Gas model  
The gas flow continuity equation, momentum equation, energy equation and species equations in 
Cartesian coordinates can be expressed as the following general form: 
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In the equation, ĭ  is common variable. It can represent the velocity, enthalpy and the fuel mass fraction. 
The specific form of source term and diffusion coefficient can be found in Ref [2]. 
The turbulence in combustion chamber is formed by the evaporation of liquid fuels and gas. It is 
described with ț íİ  standard turbulence model [3].  
 
 
 
2.2 Droplet  model  
2.2.1 Droplet equation of motion 
Liquid fuel goes into the combustion chamber through a nozzle and forms spray. Droplets evaporate and 
burn.  Droplets in the paper will be divided into several groups, each with the same position, velocity and 
temperature. The Lagrange equation of the droplet movement is as follows [4]:  
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2.2.2 Droplet equation of  heat transfer 
 
When the droplets temperature is under the evaporation temperature, the equation is as follows: 
   4 4Pp p P P P P R pdTm c hA T T A Tdt H V Tf     
When the droplets temperature is above the evaporation temperature, the equation is as follows: 
   4 4 pPp p P P P P R p fgdmdTm c hA T T A T hdt dtH V Tf      
2.2.3 Droplet temperature equation 
 
3. Simulation  
3.1 Modeling 
Underwater combustion chamber has complex structure. This article simplifies combustion chamber, by 
use of quadrilateral unstructured mesh there are 81047 grids. 
3 4[ ] [ ]Pp p P p p p p p R
dTm c A h T T A hT
dt
H V H VTf    
     i t
k k
i j k j
k ku kuu G S
t x x x
U U
UH
V
ª ºw w w§ ·w     « »¨ ¸w w w « »© ¹¬ ¼
    21
2
i t
k
i j j
u u Cu G C S
t x x x k k
H
H H
H
UH UH H HH U
V
ª ºw w § ·w w     « »¨ ¸w w w « »© ¹¬ ¼
847Jie Bai and Jian-jun Dang / Procedia Engineering 31 (2012) 844 – 849
 
 
 
 
 
 
 
 
 
 
Fig.1. Chamber model 
The article uses OTTO-II monopropellant liquid propellant. The equivalent formula is 
C2.745H5.248O3.045N0.929.  The fuel fluid enters the chamber through the nozzle, and produces gases after 
combustion. The gas contains H2O, N2, H2, CH4, CO2 and CO. Eddy dissipation combustion model is used. 
This paper defines the discrete phase model and takes pressure swirl atomizing nozzle. The nozzle 
upstream pressure is 13.5MPa, droplets are 200 groups, and the spray angle is 900. 
Standard wall function is used to solve the problem, and there is no slip and no penetration on the inner 
wall. When the particle hits the wall, they rebound with 80% of the momentum. The boundary condition is 
set pressure outlet. 
The calculation based on fluent software uses the method of finite volume. The diffusion item and 
convection item use first-order upwind discretization scheme. Pressure-velocity coupling uses the SIMPLE 
method 
3.2 Analysis of  simulation 
Environmental pressure is set 12.5Mpa and fuel flow is set 0.2kg/s. The combustion process of 
underwater combustion chamber is simulated. The results are as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Velocity field                                                                                  Fig.3 Temperature field 
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From the cloud above wee can see that the atomization of the fuel occurs rapidly when it enters into the 
combustion chamber and then it begins to burn. Because of the pressure difference, the gas moves 
forward .When it comes across the wall, it is divided into two groups. One group moves forward after 
rebounding while the other shows the backflow characteristic.  It is beneficial for the fuel¶s atomization, but 
the high-temperature backflow gas brings disadvantages to the nozzle. 
The figure indicates that the temperature nearby the nozzle is lower because of the evaporation .The 
whole combustor¶s temperature is about 1500K after the sufficient combustion. 
The temperature measured in the experiment is 1500k.We may make a conclusion that the model settled 
for the combustion is properly, and we can use this model to get further analysis. 
 
3.3 Pressure difference influence on the combustion 
In this paper we aim at the pressure difference influence on the combustion. The pressure difference 
changes from 1.0Mpa to1.4Mpa.The concentration field are obtained. Compare the difference, the rules can 
be seen. The mole concentration field of burned OTTO-II is presented. 
 
 
 
 
 
 
 
 
 
Fig.4 Mole concentration field of the fuel <1.0Mpa>                              Fig.5 Mole concentration field of the fuel <1.4Mpa> 
The simulation shows that the fuel can burn completely. When the pressure difference increases, the 
particles get burned before they reach the wall. The atomization varies with the pressure difference. When 
it increases, the particles diameter increase. This may result in a rapid evaporation and high combustion rate. 
4. Conclusion 
The liquid propellant burns immediately as soon as it flows into the chamber. The evaporation time is 
also very short. The temperature nearby the nozzle is low, while the front area is high. That is because of 
the backflow of the gas. This may cause the damage of the nozzle attacked by the high temperature gas.  
The pressure difference in the inlet plays an important role in the combustion. High pressure difference 
can decrease the evaporation time and get a good combustion. The designer can use this to optimize the 
combustion chamber. 
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